Abstract
Introduction
A growing tendency for cesarean delivery has been observed worldwide, and the concern with this increase is highlighted in Brazil since there are no signs of a decline in surgical delivery in the country 1 . The rate of cesarean sections in Brazil reached 57% in 2014 1 . The Midwest, South and Southeast regions recorded rates above the national average, with 63%, 62%, and 61% 1 , respectively, which shows a significant disparity between the regions. Disparities in cesarean rates are also identified when comparing the care performed in the Unified Health System (SUS) and supplementary health. The rate of cesarean section, when divided into supplementary health and SUS, is 90% and 45%, respectively 2 . The World Health Organization (WHO) indicates that a rate of cesarean sections above 15% does not contribute to a lower maternal and perinatal morbimortality 3, 4 , although this baseline rate was adjusted to 25-30% for the Brazilian population due to its characteristics 5 . Currently, an emerging demand for vaginal delivery in both SUS and supplementary health has been observed, through the support of practices that increase parturient satisfaction, such as diet, privacy, comfort, roaming, relaxation, freedom to choose the position in the second period, restricted use of episiotomy, in-hospital delivery centers, introduction of obstetric nursing in public and private services, and the establishment of on-call staff to support normal delivery in the supplementary network 6 . However, this demand has not been met at an intensity that will positively affect the reduction of cesarean rates 1 . Elective cesarean delivery without clinical indication negatively impacts maternal and neonatal health outcomes, leading to increased rates of hysterectomy, blood transfusion, hospitalization in the ICU and even higher neonatal mortality [7] [8] [9] [10] . A WHO study analyzing the frequency of cesarean sections in 137 countries (95% of global births in 2008) showed that about 40% of the countries included had a cesarean rate of less than 10%, and were considered countries requiring cesarean sections. The cost of cesarean sections required in these countries would be US$ 432 million. However, over 6.2 million surgeries were recorded in half of the countries studied, which corresponded to a cost five times higher (US$ 2.32 billion) than the cost of cesarean sections. Brazil and China accounted for 50% of excess cesarean sections. However, this study did not indicate costs with vaginal delivery and whether there were savings if it replaced unnecessary cesarean sections. 11 A study carried out in a federal hospital in Minas Gerais in 2009 identified that vaginal delivery and cesarean section procedure had a cost of R$ 954.58 and R$ 1,244.99 12 , respectively. A few cost studies are comparing these procedures from the SUS perspective. It should be noted that cost analyses contribute to the organization and management of health services and are fundamental for the planning of public policies and decision-making regarding the choice between the different health technologies.
The decision by type of delivery includes health outcomes, professional and women's issues, and economic issues due to the cost difference between procedures, increased length of hospital stay, and clinical complications related to elective cesarean without clinical indication. However, there is a shortage of Brazilian economic evaluation studies on these procedures for the SUS. This study aimed to perform a cost analysis of hospital care for vaginal delivery and elective cesarean section for usual risk pregnant women in the SUS perspective.
material and methods
A direct cost analysis was performed comparing vaginal delivery and elective cesarean section, without clinical indication. The target population was of usual risk pregnant women, whose births could occur both by vaginal delivery and cesarean section. We considered usual risk pregnant women those without any clinical and obstetric complications at delivery, with a single, cephalic, term fetus. The perspective adopted was that of the SUS provider.
Costing included three public maternity hospitals, two of them under the management of the Municipal Health Secretariat of Rio de Janeiro (SMS/RJ) (maternity hospitals A and B) and the other located in Belo Horizonte, Minas Gerais (maternity hospital C). The three maternity hospitals included have adequate physical structure, with a pre-delivery, delivery and postpartum room (PPP room), screening with risk classification, non-pharmacological measures for pain relief and roaming space. Also, these maternities have fetal and infant mortality monitoring system 13 . Maternity hospital A is managed directly by the SMS/RJ and is responsible for about 500 monthly deliveries. The cesarean rate is 35%. Of the vaginal deliveries, 27% are performed by obstetric nursing. This maternity hospital has two rooms for cesarean delivery and other surgeries in the surgery ward and seven PPP rooms for vaginal delivery in the obstetric center. Maternity employees are mostly civil servants.
Maternity hospital B is also managed by a Social Organization, its employees work under the Brazilian Work Law (CLT) rules and the maternity carries out about 380 monthly deliveries. The rate of cesarean section is 36% and obstetric nursing has significant participation, accounting for most usual risk vaginal deliveries (70% of vaginal deliveries). The maternity hospital is equipped with a surgical center with four rooms and an obstetric center with seven PPP rooms.
Maternity hospital C is non-profit, exclusively SUS, reference for the population of two districts of Belo Horizonte and performs on average 950 monthly deliveries. All employees work under the CLT rules. The rate of cesarean section is 25% and obstetric nursing also has significant participation, accounting for 78% of vaginal deliveries. Maternity has two normal birth centers (CPN) and an intra-hospital CPN with five PPP rooms was included in this study. The surgery ward consists of two rooms.
The cost items included in the analysis were: human resources, hospital supplies, administrative and capital costs. The items used from admission to delivery (first delivery period for vaginal delivery and entry into the surgical center for elective cesarean section), procedure, postpartum, provision of care to the newborn in the delivery room and lodging of the mother, baby and companion in rooming. Visits were undertaken to the three maternity hospitals and health professionals were interviewed to identify the number and evaluation of each included item. The costs with the implementation of physical structure, maintenance and property depreciation were not considered.
Due to the lack of a hospital cost center in maternity hospitals A and B, a survey of the items was carried out through a mixed approach that includes micro-costing and top-down techniques [14] [15] [16] [17] . We used four scripts to collect information, one for each unit studied (obstetric center, surgical center and rooming) and one of administrative information (electricity, telephony, internet and water). The first three routes of the facilities were divided into: i. General information on the sector (number of beds, occupancy rate, number of hospitalizations/births per year, number of telephone and internet extensions, sector footage), ii. Physical structure (number of equipment), iii. Human resources (description of the number of professionals in the sector, workload, work schedule, monthly remuneration obtained through the medical and nursing coordinator of the sectors and the human resources department), iv. Medicines and materials (identification and quantification). The administrative cost script included the mean value of electricity, water, internet and telephone bills for the last year, hospital footage, number of telephone extensions and number of internet points for the entire hospital. These scripts facilitated the identification and quantification of items necessary for the accomplishment of the procedures, as described below.
Two types of calculation were performed to gauge human resources, depending on the permanence in the sector. A survey was made of the number of professionals in the sector for sector-exclusive professionals (nurses, nursing technicians, anesthesiologist and cleaning professional), multiplied by the annual salary plus labor benefits and divided by the number of patient-days attended for the period. For professionals with a shift in more than one sector, as with obstetricians and pediatricians, we considered the time spent with each procedure, obtained through consultation with professionals and experts in the field, multiplied by the hourly rate. The time of one hour of two obstetricians was assumed for an elective cesarean section, without clinical intercurrences. A period of an exclusive dedication of 4.8 hours per delivery was considered for the vaginal delivery conducted by the obstetrician. This information was obtained from the professionals of the participating hospitals. The cost of the obstetrician was included only in the proportion of deliveries by physicians in each maternity hospital, considering that the study included only the perspective of hospital care for usual risk deliveries. Concerning the care of the newborn in the delivery room, we considered 40 minutes of the pediatrician, also identified by consultation with professionals. All the professionals consulted (doctors and coordinating nurses or daycare workers) were specialists in the field and had more than 10 years of experience in birth and delivery care.
The salary of maternity hospital A professionals was obtained from the salary scale of SMS/RJ and those of maternity hospitals B and C through information from maternity hospitals. Table 1 shows the mean hourly remuneration of professionals.
The average of supplies used in each type of delivery and the stay in rooming was identified and quantified by consulting the professionals of each maternity hospital and the institutional protocols. We requested the coordinating nurses and diarists of each sector, through the routine and protocols established in maternity wards, to identify and quantify the materials and medications used for vaginal delivery, cesarean section delivery, care for the newborn in the delivery room and one-day rooming stay for pregnant women and newborns without clinical and obstetric intercurrences and a companion. When necessary, obstetricians, anesthesiologists and pediatricians also participated in the identification of supplies. Medical and hospital supplies, medications, mother and companion diet, laboratory tests and medical gases were included, besides the costs of analgesia, anesthesia (spinal for cesarean), episiotomy, laceration (types II, III and IV) and oxytocin were included. For maternity hospital B, the episiotomy use rate was 30% in medical deliveries and is not performed by the obstetric nurse.
The rate of laceration (type II, III and IV) was 5% and oxytocin use in labor was 29%. In the maternity hospital A, data were only provided for obstetric nursing. Rates were 0.3% for episiotomy, 5.7% for laceration II, III and IV and 41% for labor oxytocin, and we assumed them for all vaginal deliveries, due to the lack of obstetricians. Analgesia is not performed in vaginal deliveries in this maternity hospital. In the maternity hospital C, the rate of analgesia in vaginal delivery is 31.1% and 3.1% for episiotomy.
The supplies were evaluated through the Health Price Database (BPS) 18 of the Ministry of Health, and Comprasnet
19
. Laboratory tests, such as the VDRL (Venereal Disease Research Laboratory), HIV testing and blood typing were evaluated through the Management System of the . Food cost was based on information from the SMS/RJ, which showed a mean cost of each meal intended for the patient and companion.
The presence of a companion in the postpartum period was also accounted for in the daily cost, and food cost was included in this cost. Other companion costs, such as human resources and electricity and water use were included in the patient's cost. We did not include structure and physical space costs since we consider them sunk costs 21 . In this study, it was observed that, in one of the maternity hospitals, it was not always possible for pregnant women to have companions in rooming during hospitalization, and, according to the maternity staff, this was due to infrastructure issues, such as physical space, and privacy of other pregnant women. Thus, the cost with the companion was only included in this maternity unit for 40% of the pregnant women, which was the rate of mothers who had companions (only adolescent mothers). The presence of the companion was possible for all pregnant women/puerperae in the other two maternity hospitals.
The equipment required to perform cesarean delivery and vaginal delivery were incorporated into the cost from the depreciation of the equipment. Based on Resolution No. 36, dated June 3, 2008 22 , which establishes the technical regula- 19 . Depreciation was calculated considering a useful life of 15 years 24 and a discount of 5% 14 . Depreciation was added to the value of 10% per annum related to equipment maintenance. Concerning the obstetric center, depreciation per annum was divided by the number of vaginal births in 2015 performed in each facility. Regarding the surgical center, the division was performed by the number of surgical procedures in the same year, and active beds were considered for rooming since the occupancy rate of this sector approaches 100% in all maternity hospitals.
We included costs with electricity, water, telephone and internet, which we call in this study administrative costs, calculated from the information of hospital accounts. These accounts were distributed by sector and the number of active beds in rooming, the number of vaginal deliveries in the obstetric center and the number of surgical procedures in the surgical center were considered for the distribution of costs. The apportionment per square meter of useful area was used for electricity and water contracts; regarding telephone, we considered the number of extensions used throughout the hospital and those used by each sector and, for the internet, the number of points available in the hospital and each sector. We were unable to obtain data on the administrative costs of Hospital A.
Maternity Hospital C has a hospital absorption costing service by cost center and the same data obtained from Maternity Hospitals A and B were selected for analysis. Regarding cesarean supplies, we used the surgical kit with the description of the supplies provided by the maternity hospital. Antiseptics, degermants, personal protective equipment and laboratory tests were added to the kit since these items were considered for other maternity hospitals. Thus, standardization of information of the three included maternity hospitals was ensured.
We calculated the total cost of the procedures by multiplying the daily hospital charge by the mean time of postpartum stay in rooming of 2.1-day for vaginal delivery and 2.6 days after elective cesarean section 1 . Costs were expressed in reais (R$) and refer to 2015 and no discount and inflation adjustment rate were applied. The Microsoft Office Excel® 2013 25 was used to store data and calculate daily hospital charge.
The study was approved by the Research Ethics Committees of all institutions involved.
results
The mean cost of vaginal delivery was R$ 808.16 in the three maternity hospitals and there was a significant variation between them, and the lowest cost was recorded in Maternity Hospital C (R$ 585.74). Human resources cost was the primary driver of cost, which accounted for 89% of the total cost of the procedure. The mean daily accommodation rate was R$ 280.85. The mean total cost of vaginal delivery, with a 2.1 days rooming stay, was R$ 1,397.91 ( Table 2) .
The elective cesarean section mean cost was R$ 1,113.70, of which 81% referred to the cost of human resources. Maternity Hospital C was also the unit with the lowest cost of the procedure (R$ 652.69), about 50% less than the cost of Maternity Hospital B (R$ 1,516.02). Concerning the length of hospital stay of 2.6 days, the mean total cost of cesarean section was R$ 1,843.87, which is 32% higher than vaginal delivery ( Table 2) .
Discussion
The study showed that the cesarean section has a 38% higher cost than vaginal delivery and that the primary cost driver in both procedures was human resources (89% of vaginal delivery cost and 81% in cesarean section). Regarding the total cost (procedure and rooming stay), this cost remains higher for cesarean section, since the procedure requires a more extended hospital stay.
It is essential to consider the difference between the costing method used and the specificities of hospital care among different health services to compare this study with other cost analyses. A study carried out in two public hospitals in the city of São Paulo in 2009 estimated the cost of the low-risk normal delivery procedure, including hospital supplies and human resources, at R$ 717.44 (76.5% of human resources). This study did not include costs with surgical delivery 26 . The vaginal delivery cost analysis from the care protocol of a birth center in Rio de Janeiro for 2012 estimated the normal childbirth procedure at R$ 352.50 (98% of the costs corresponded to human resources) 27 . Supply-related costs are lower in the birthing room than in hospital care for vaginal delivery 26, 27 . These studies did not compare with elective cesarean section.
By employing the activity-based costing system (ABC), Souza et al. 28 calculated the 2013 costs of normal and cesarean delivery procedures in a private hospital located in the Metropolitan Region of Belo Horizonte and estimated unit costs of R$ 483.91 and R$ 703.27 for normal and cesarean delivery, respectively. The study did not include costs related to maternal and neonatal complications and length of hospital stay. Another study using the same ABC methodology calculated the cost in 2009 for a federal hospital in Minas Gerais of R$ 954.58 and R$ 1,244.99 for normal delivery and cesarean delivery, respectively 12 . The study estimated the costs from admission to hospital discharge but did not include clinical complications.
In the international context, Allen et al. 29 compared different types of delivery in Canada from a cohort from 1985 to 2002 that included 27,613 deliveries ranging from 37 to 42 weeks of gestational age without maternal or fetal complications. The cost was US$ 1,340 for normal vaginal delivery, US$ 1,594 for assisted vaginal delivery, US$ 2,137 for cesarean delivery with labor, and US$ 1,532 for casual cesarean delivery. In Germany, a retrospective study identified a higher cost for cesarean section (€ 2,384.90) compared to normal delivery (€ 1,737.34) for 2003 30 . In contrast, through the follow-up of 186 cesareans and 141 normal deliveries in the US in 2004, Kazanjian et al. 31 found a cost of US$ 13,805.47 and US$ 17,624.38 for normal and cesarean deliveries, respectively. The study also considered costs associated with the hospitalization of newborns in the NICU, which justifies the much higher cost in both types of delivery.
In this study, we found essential cost differences between the three maternity hospitals. Maternity hospital B showed a higher total cost for cesarean section, especially for the cost of health professionals, which is higher in this unit compared to other maternity hospitals. Mater- nity hospital C showed the lowest cost for both procedures, also defined by the lower cost of human resources. This maternity hospital has a dominant performance of obstetric nursing in vaginal deliveries (about 80%). Furthermore, the nursing work scale in Maternity Hospital C is 44 weekly hours, whereas 30 and 40 weekly hours' scale prevail in Maternity Hospitals A and B, which influences the hourly remuneration of professionals. While nursing professionals in Maternity Hospital C have lower remuneration, the availability of hours compared to the number of deliveries is much lower when compared to the other two Maternity Hospitals. It is also possible to observe a lower cost of supplies used in vaginal delivery in Maternity Hospital C, which can be justified by the reduced frequency of invasive practices such as episiotomy and oxytocin use. It is worth mentioning that the number of deliveries in Maternity Hospital C is much higher than in the other two Maternity Hospital units (950 monthly births). Despite the low percentage of cesarean section, the use of the surgical block is higher than in other maternities, due to the higher absolute number of cesarean sections and other surgical procedures. This high productivity contributed to the lower cost of the cesarean than in Maternity Hospitals A and B and also a lower cost of human resources when compared to the vaginal delivery of the maternity itself. Another factor that may influence cost measurement is the total availability of medical and nursing hours in maternity hospitals. It is worth highlighting some limitations of this work. The first refers to the service scale. In Maternity Hospitals A and B, the data provided on the monthly medical scale was limited, since only the total number of obstetricians, monthly salary and workload was reported. There is no specific scale of obstetricians in each sector. Obstetricians attend various sectors, such as surgical center, obstetric center, admission and prenatal care. Thus, we did not obtain the percentage of workload provided in each sector. Thus, it was necessary to apportion for each procedure per the time allocated to the procedure, and this information was obtained from the specialists, which may underestimate the value of professionals for each procedure. Regarding the other professional categories, such as nurses and nursing technicians, anesthesiologist and cleaning professionals, we were able to apportion by procedure considering the number of professionals assigned to the sector, mean monthly salary and day-patients attended in the same period.
Another limitation was the difficulty in obtaining all the information for the study. Maternity Hospitals A and B do not have hospital costs management and, therefore, it was necessary to collect and aggregate data from different sectors and sources. The information was not always readily available, as was the case of Maternity Hospital A hospital bills, which were not provided and thus not shown in this study. We were also unable to obtain obstetrical stay days for Maternity Hospitals A and B, and we had to use SINASC information. However, there was a need to use the SUS Pricing list to evaluate the laboratory tests performed, due to the unavailability of these figures in other sources. We reinforce the importance of including a cost system in hospitals, which would be crucial for better management of services. It should be noted that the cost items included here are those that most impact the cost package of the procedures.
We also chose to use expert consultation for the identification and measurement of hospital supplies, a valid tool for economic evaluations 32 . We have included nurses and doctors, coordinators and day-laborers, specialists with more than 10 years of experience in the field, qualified professionals to carry out this identification in this consultation, since they are present daily in the performance of the procedures and organization of the sectors, such as the replacement of materials, kits for the procedures and the establishment of routines and protocols.
The SUS provider was used as a perspective of this cost analysis and three maternity hospitals with different management systems (public, administration by Social Organization and nonprofit) were included in the attempt to contextualize the care process of normal delivery and cesarean section in the SUS.
We decided to present the health resources and supplies used in each procedure to support other research. Also, this cost analysis described the cost of performing the procedures exclusively, and while we have not conducted a complete economic and cost-effectiveness evaluation, the results detailed here, together with the comparative effectiveness data of the procedures, can serve as a basis for research that aims to carry out cost-effectiveness studies.
We must consider that costs among the various regions of the country may differ from those shown here, according to the remuneration of professionals, hospital management and care protocols. However, the figure found here differs greatly from the that of the procedure of the SUS 20 Pricing List, which is R$ 545.73 for cesarean section and R$ 443.40 for vaginal delivery.
Although for the SUS provider, the SIGTAP 20 table is only one way of financing the system, the distance between the cost of the procedure and the value of the table should trigger reflections and research efforts in managers and researchers to investigate more appropriate ways of financing labor. For SUS providers that are not managed directly by the SUS (covenanted with the SUS), and particularly the non-philanthropic ones,
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who use this unique source of funding, the implementation of an appropriate model of care, as recommended by Brazilian protocols is challenging in the face of the financial imbalance between cost and revenue. Finally, delivery and childbirth care cost analyses provide data that can support managers in decision-making for the organization of care services and networks and contribute to broader knowledge in the field of economic evaluation in Brazil.
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